Abstract. Young black-headed gulls, Larus ridibundus, first perform incomplete forms of display before they show the adult-like stereotyped complete form. Two hypotheses concerning the mechanism involved in the development of display were tested. (1) Experience with the performance of incomplete display is a necessary step in the development of the complete motor pattern. (2) The complete form can be triggered early in ontogeny if the proper motivational state for agonistic behaviour is present. The motivational state was manipulated by changing the blood levels of testosterone, known to be positively correlated with aggressive behaviour in young gulls. First, testosterone plasma levels were determined in the blood of young gulls at several stages in the development of display. Second, young gulls of two age classes (6-dayold chicks and 10-week-old gulls) were implanted with pellets of testosterone proprionate; from several birds the pellet was removed after the complete display emerged. The findings indicate that (1) testosterone influences the gradual emergence of complete display in young birds; (2) the neural coordination of the complete motor patterns is present early in ontogeny; (3) the effect of testosterone on anatomy and behaviour is age-dependent; and (4) later in ontogeny the displays become independent of this hormone.
This study is part of a project in which the mechanisms underlying the ontogeny of the species-specific displays of the black-headed gull, Larus ridibundus, are being investigated. In this paper we analyse the influence of the sex hormone testosterone on the development of the form of the displays. The study was undertaken to answer the following two questions. (1) Is the development of a complete display caused by the development of specific internal states for agonistic behaviour? (2) Do the incomplete forms of display serve a function in the development of the final form?
The adult postures and calls develop gradually through the addition of and changes in separate elements, such as the position of the bill, neck, body and carpal joints (Groothuis 1989a). This development is partly under the control of internal factors influencing agonistic behaviour (Groothuis 1989b). The evidence for this can be summarized as follows (Fig. 1) . Both the choking posture and the oblique display emerge from crouching. Crouching is strongly related to a tendency to hide and then to stay put. It changes in form at the age aggressive behaviour starts to develop. Elements of overt aggression, such as raised carpal joints, tilting of the body (reflecting a tendency to jump towards the intruder) and redirected pecking movements at the ground, gradually become incorporated into the posture. The complete choking posture finally emerges out of this addition of elements (which are characteristic for the activation of aggression) to a posture that was originally predominantly performed during hiding. A stronger activation of aggression causes an aggressive approach in erect postures. This leads to the development of the oblique display. A second form of fear behaviour, withdrawal with the head between the shoulders, changes gradually into the forward display. In the latter, elements of a tendency to attack can be recognized in the raised carpal joints and the extension of the neck. After development and fixation of form, the displays are also frequently performed outsid e a clearly agonistic context. This would seem to be possible only when, in the older bird, these motor patterns become less dependent on the activation of specific agonistic motivational states in the bird.
To test the hypothesis that internal factors controlling aggressive behaviour influence the development in form and frequency of displays, we tried to manipulate these factors by administering testosterone to young gulls. In a pilot study (Groothuis 0003-3472/92/020189+20 $03.00/0 9 1992 The Association for the Study of Animal Behaviour 189
